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In  connection  with  the  fact  that-  during  the  occupation 
years  and  shortly  thereafter  anthrax  was  able  to  spread  on 
a  number  of  the  small  Soenda  islands,  such  as  Soemba,  Soembawa, 
and  Timor,  the  question  occurred  to  me  whether  one  could  find 
out  how  long  the  soil  on  which  animals  suffering  from  anthrax 
have  deposited  their  excreta  (dung,  urine,  blood)  remains  con¬ 
taminated  and  to  what  extent  climatological  influences  affect 
the  presence  of  anthrax  :spc_  es  and/or  bacteria  in  the  uppermost 
layer  of  soil  or  on  the  surface,  where  they  can  be  picked  up  by 
animals. 

It  was  known  from  the  course  of  the  epizootics  on  Timor 
that  the  occurrence  and  spread  of  the  disease  took  place  chief¬ 
ly  in  the  second  half  of  the  dry  season  and  the  beginning  of 
the  rainy  season.  On  Ssvoe,  which  is  very  dry,  there  was  an 
outbreak,  quickly  overcome  by  the  way,  in  August  1946,  but  on 
that  island  the  dry  season  was  then  quite  far  advanced.  That 
the  monsoon  exerts  an  influence  on  the  course  of  the  epizootic 
can  surely  be  assumed  for  those  regions. 

In  the  Netherlands  and  .elsewhere  a  connection  has  long 
been  assumed  between  the  occurrence  of  anthrax  and  the  level  of 
the  ground  water.  Huipers  saw  the  disease  completely  disappear, 
in  a  district  where  it  had  prevailed  among  the  cattle  for  a  long 
time,  after  the  draining  of  a  polder,  which  caused  the  ground 
water  to  drop.  In  Russia,  in  a  study  published  in  1933, 
Pokshchikhevcki;/  and  Golovin  treated  anthrax  as  a  soil  epizootic. 
They  reported  that  it  appeared  from  their  investigation  that  a 
stationary  infection  finds  via  most  favorable  conditions  for  its 
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development  in  coil  chat  is  rich  in  organic  substances  and  that 
is  sufficiently  moist.  After  drainage  projects  are  accomplished 
the  soil  usually  becomes  free  of  anthrax  germs.  V/c3tern  hurope 
may  serve  as  an  example,  where  as  a  result  of  drainage  and  the 
lowering  of  the  ground  water  level  anthrax  as  a  stationary  dis¬ 
ease  has  completely  disappeared.  3ut  this  general  principle, 
which  is  usually  simply  taken  as  a  fact,  ordinarily  finds  no 
experimental  explanation.  The  authors  mentioned,  after  their 
investigation,  which  apart  from  study  of  the  statistical  data 
comprised  investigation  of  the  pH  of  the  soil,  the  soil  moisture, 
the  soil  temperature  and  the  precipitation  (the  last  two  items 
being  obtained  from  the  meteorological  institute),  and  a  bacteri¬ 
ological  study,  came  to  the  following  hypothesis: 

"When  the  germs  multiply  greatly  the  soil  absorbs  decom¬ 
position  products  of  the  vegetative  forms  of  anthrax,  and  these 
are  adsorbed  to  soil  particles  and  have  a  retarding  effect  or. 
the  process  of  further  multiplication  of  the  soil  bacteria,  just 
aa  e.g.  no  further  multiplication  can  take  place  in  the  filtrate 
.  of  very  old  cultures.  For  the  future  only  a  certain  reserve  of 
highly  resistant  spores  remains  in  the  soil." 

The  possibility  does  not  seem  to  be  ruled  out  that  in 
Indonesia,  where  there  are  many  porous  types  of  soil  with  a 
very  low  humus  content,  and  where  the  heavy  rains  make  the  down¬ 
ward  movement  of  the  water  much  more  pronounced  than  in  Europe, 
the  process  is  different,  and  the  soil  is  cleansed  of  anthrax 
spores  by  being  washed  out,  so  to  speak. 

With  this  in  mind  an  attempt  has  been  made  to  imitate  in 
vitro  the  downward  movement  of  the  water  and  to  study  what  in¬ 
fluence  this  exerts  on  anthrax  spores  present  in  the  soil.  As 
influences  other  than  mechanical  had  to  be  excluded,  the  work 
waa  always  done  with  sterilized  soil  and  sterile  water. 

For  safety  reasons,  in  this  investigation  a  non- virulent 
but  completely  viable  anthrax  strain  was  used  which  originally 
came  from  South  Africa  and  which  is  also  used  for  the  vaccine 
with  which  many  tens  of  thousands  of  animals  are  immunized  in 
this  country  and  elsewhere. 

Seven  agar  tubes  inoculated  with  this  strain  were  incu¬ 
bated  for  three  days  at  37°  C  and  afterwards  kept  for  four  days 
at  room  temperature  {+  15°  C),  At  the  end  of  that  time  sporula- 
tion  appeared  to  be  about  3/4  complete.  The  spores  were  washed 
out  with  a  physiological  NaCl  solution  and  a  very  thick  suspen¬ 
sion  obtained  in  that  way. 

A  number  of  test  tubes  were  now  made  leaky  by  heating 
the  lower  end  red  hot  and  bloving  a  hole  in  it.  The  opening 
made  was  +  2  mm  in  diameter.  A  bit  of  sterile  gauze  was  laid 
over  it  to  prevent  the  soil  from  getting  out. 
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In  the  tubes  vas  put: 

Tube  I  sand  to  a  depth  of  2  ca  (Z2) 

lube  II  sand  to  a  depth  of  4  ca  (24) 

Tube  III  garden  mold  to  a  depth  of  2  cn  (T2) 

Tube  IV  garden  mold  to  a  depth  of  4  cm  (T4) 

lube  V  infusorial  earth  to  a  depth  of  2  cm  (12) 

Tube  VI  infusorial  earth  to  a  depth  of  4  ca  (14) 

Cn  the  earth  (sand,  garden  mold,  and  inf.  earth)  was  put  four 
drops  of  the  spore  suspension.  The  tubes  were  set  in  L'rienmeyer 
flasks  and  fixed  in  the  neck  of  the  flask3  ui.h  a  layer  cf  cot¬ 
ton  wool ,  but  in  such  a  T.:ay  that  the  tubes  could  be  readily 
■iakv-r.  out.  These  Lrlcnaeyers  served  to  catch  the  moisture  that 
dripped  through. 

Rain  vas  imitated  by  dripping  a  quantity  of  sterile 
(boiled  and  cooled)  water  into  the  tubes,  the  quantity  corre¬ 
sponding  to  5  ca  of  rainfall.  (For  the  tubes  of  14  aa  diameter 
this  was  7 .7  cc,  for  those  of  15  ma  diameter,  8.85  cc.) 

After  the  water  had  filtered  through,  one  loopful  of  it 
was  inoculated  on  agar  (filtrate  1  =  PI) .  This  gave  the  follow¬ 
ing  result: 


PI  Z2  + 
PI  Z4  +1 
PI  T2  +  f 
PI  T4  +  ) 
PI  12  - 
PI  14  + 


abundant  growth,  colonies  almost  joined. 

somewhat  less  abundant  growth  than  PI  Z2, 
difference  among  themselves. 

4  colonies. 


but  not  much 


The  colonies  were  typical  anthrax  colonies,  viewed  either 
with  the  naked  eye  or  with  the  magnifying  glass  (Medusa  locks). 
As  a  control  a  streak  preparation  stained  with  Giemsa  was  ex¬ 
amined,  so  that  it  was  absolutely  established  that  in  fact  an¬ 
thrax  spores  had  been  present  in  the  filtrate.  Prom  FI  12 
another  inoculation  was  done,  this  time  with  a  larger  quantity, 
via.  3  loopfuls.  This  produced  a  growth  of  20  colonies. 


The  conclusion  could  be  drawn  that  sand,  garden  mold,  and 
infusorial  earth  are  pervious  to  spores,  and  that  infusorial 
earth  worked  as  a  filter  better  than  garden  mold  and  sand. 


It  was  now  the  intention  to  investigate  whether  repeated 
flushing  could  make  the  earth  free  of  anthrax  spores.  The 
flushing  was  therefore  repeated  with  the  same  quantities  of 
water  with  the  following  result.  (F2  Z2  »  2nd  filtrate  through 
a  layer  of  sand  2  cm  thick,  etc.) 


F2  Z2  +  } 

12  Z4  +  >  All  these  shoved  abundant  growth. 

P2  T2  +  f 
?2  T4  +  ) 
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F2  12  +  A  few  colonies. 

?2  14  +  Abundant  growth. 

Since  the  water  ran  through  the  infusorial  earth  very 
slowly  and  this  caused  delay  in  conducting  the  experiment,  we 
proceeded  from  this  point  only  with  soil  and  sand. 

We  continued  washing  Z2,  Z4,  12,  and  T4  and  inoculated 
with  F3  to  P18  inclusive;  this  last  represents  the  filtrate  af¬ 
ter  a  total  rainfall  of  90  cm. 

Inoculation  with  a  loopful  of  filtrate  from  the  last  drop 
to  run  through  after  each  artificial  shower  always  produced  an 
abundant  growth  on  agar.  She  conclusion  could  be  drawn  from 
this  that  a  rainfall  of  90  cm,  which  is  more  than  the  average 
jmmiqi  rainfal  in  the  Motherlands,  is  not  capable  of  getting  rid 
of  all  spores  present  in  a  layer  of  sand  2  cm  thick. 

The  tests  were  now  repeated  with  greater  quantities  of 
water  and  only  with  2  cm  of  sand  as  a  filter.  An  entirely  dif¬ 
ferent  tube  was  also  used  here.  A  test  tube  was  melted  to  a 
conical  shape  and  provided  with  a  very  small  opening.  The  bit 
of  sterile  gauae  could  now  be  dispensed  with,  since  the  sand 
could  not  run  out  through  the  fins  opening. 

We  worked  with  artificial  showers  equivalent  to  75  cm. 
Inoculation  was  again  done  with  a  loopful  taken  from  tho  last 
drop  to  run  through  after  each  shower.  The  result  of  the  inocu¬ 
lations  was  as  follows; 

PI  (after  75  cm  of  rain)  Z2  +  +60  colonies. 

P2  (  "  150  "  "  "  }  Z2  +  5  colonies. 

P3  (  "  225  "  "  "  )  Z2  - 

P4  (  "  300  ■  "  ■  ;  Z2  - 

F5  (  "  375  "  "  "  )  Z2  - 

In  the  filtrate  derived  from  the  last  three  showers,  then, 
no  anthrax  spores  showed  up,  —  at  least  not  with  the  method 
used. 

The  presumption  was  now  that  a  quantity  of  rain  between 
150  and  225  cm  was  sufficient  to  eliminate  all  anthrax  spores 
from  a  layer  of  sand  2  cm  thick.  As  a  check,  inoculations  were 
done  from  the  sand  itself.  This  produced  a  strong  growth  on 
agar.  There  were  thus  plenty  of  anthrax  spores  left  in  the  ;sand, 
and  the  above  presumption  turned  out  to  be  quite  incorrect. 

It  might  be  concluded  that  a  part  of  the  spores  had  been 
carried  away  by  the  water,  but  that  another  part  had  remained 
behind  in  the  sand  and  was  held  so  firmly  by  it  that  no  Bpores 
ahowed  up  in  the  filtrate  with  the  method  used. 

The  last  experiment  was  repeated  in  a  somewhat  different 
manner.  On  a  layer  of  sand  2  cm  thick  three  drops  of  spore 


suspension  Wc.s  out  dovm.  An  artificial  rain  of  37.5  cm  of 
water  each  tine  was  supplied.  As  before,  the  last  drop  trick¬ 
ling  through  after  each  shower  ’.-.'as  used  for  inoculation.  At 
the  sane  tine,  however ,  an  inoculation  was  done  from  the  sand 
itself,  the  sand  being  sTirrod  a  little  with  the  wire  loop. 
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Inoculation  from  the  filtrate  is 


represented  by  FI  to 
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completely  overgrown. 


It  appears  from  this  that  a  number  of  spores  are  carried 
along  by  the  water  that  is  streaming  through.  A  very  great 
number,  however,  stick  very  fast  to  the  grains  of  sand  and  are 
not  washed  away  even  by  very  great  quantities  of  water  (corre¬ 
sponding  to  a  total  rainfall  in  seven  years  in  the  Netherlands). 
The  mechanical  effect  of  rain  can  therefore  only  be  slight  with 
regard  to  freeing  the  top  layer  of  soil  from  anthrax  spores. 

That  in  this  test,  in  contrast  to  the  preceding  test,  the  inocu¬ 
lations  from  the  filtrate  always  turned  out  positive  (although 
the  number  of  colonies  generated  amounted  in  one  case  to  only 
two)  can  be  explained  by  The  fact  that  in  the  process  of  inocu¬ 
lation  from  The  sand  a  number  of  spores  were  jarred  loose  from 
the  grains  of  sand  to  which  they  had  attached  themselves,  so 
that  these  spores  could  be  carried  along  with  the  water  and 
showed  up  in  the  filtrate. 


An  experiment  was  then  set  up  to  find  out  whether  the 
very  topmost  layer  of  sand  could  be  freed  of  spores. 


Into  a  test  tube  that  had  been  made  leaky  a  layer  of 
sand  5.5  cm  in  depth  was  poured  in.  Three  drops  of  the  same 
spore  suspension  was  put  on  this  sand.  The  artificial  rain 
consisted  of  five  showers  of  60  cm  each.  After  each  shower  an 
inoculation  was  done  just  from  the  topmost  layer  of  sand.  The 
result  was  as  follows.  Inoculation  from  the  surface  is  repre¬ 
sented  by  01  to  05  inclusive. 
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It  thus  appeared  that  even  300  cm  oS  rain 
of  mfrkirtg  the  surface  free  of  spores. 


To  find  out  to  what  extent  a  difference  may  exist  between 
spores  and  bacteria,  some  filtration  tests  were  made  with  hog 
cholera  bacteria,  nog  cholera  bacteria  were  chosen  for  this 
because  they  show  no  motion  whatever  and  hog  cholera  is  regard¬ 
ed  as  a  soil  disease. 


A  suspension  of  hog  cholera  bacteria  was  obtained  by 
centrifuging  a  broth  culture  and  washing  out  the  sediment  with 
physiological  UaCl  solution.  This  was  repeated  three  tines,  so 
that  it  could  be  assumed  that  the  suspension  contained  little 
else  than  hog  cholera  bacteria  and  physiological  haCl  solution. 


As  a  control  an  inoculation  rath  this  suspension  was  done 
on  serum  agar,  which  showed  that  no  contamination  was  present. 
In  the  same  way  as  had  been  done  with  anthrax  spores,  the  bac¬ 
teria  suspension  was  applied  drop  by  drop  to  the  sand  layer  in 
a  te3t  tube  that  ia,d  been  made  leahy  at  she  bovsom.  V.'ater  was 
dripped  on  the  sand  by  means  of  a  burette  and  an  inoculation 
done  with  the  moisture  that  ran  through.  These  artificial 
showers  were  chosen  of  such  a  size  that  each  quantity  of  water 
applied  corresponded  to  a  rainfall  of  7.5  cm. 

F  agn±n  represents  inoculation  with  the  last  drop  to  run 
through  after  each  show or.  The  outcome  was  as  follows: 
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After  this  inoculations  were  done  not  only  from  the  fil¬ 
trate  but  also  from  the  surface  of  the  sand.  This  is  represent¬ 
ed  by  0.  01  is  the  first  inoculation  from  the  surface,  which 

waa  done  after  the  passage  of  75  cm  of  rain  through  the  layer 
of  sand.  The  quantity  of  water  was  set  higher  from  here  on,  so 
that  each  shower  corresponded  to  25  cm  of  rainfall.  The  out¬ 
come  of  the  inoculations  was  as  follows: 


Cl  (after  75  c-  rair.)  a  great  rar.y  coioaias. 
?il  (after  100  cr  rair.)  no  growth;  C2  (  "  ICO  cn  "  )  sany  colonies  grown. 

F12  (  "  125  on  "  )  "  "  C5  (  "  105  cn  "  )  " 

?13  (  "  150  ca  "  )  "  "  04  (  "  150  o  "  )  ”  " 


It  thus  appeared  that  a  n 
r -d  away  by  the  water,  but  uhu 
Vj  the  s  ...id .  There  was  r.c  miff. 
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Or.  attempt  was  then  wads  to  shot;  to  what  extent  anthrax 
stores  situated  at  soae  distance  below  the  surface  are  carried 
~-ong  with  rising  ground  water. 

In  nature  rasing  ground  v:ater  is  supposed  to  occur  fre¬ 
quently,  for  instance  when  v/ater  from  higher  places  reaches  a 
basin-shaped  bit  of  terrain. 

A  tube  was  malted  end  bent  in  such  a  way  that  it  consisted 
of  two  legs,  joined  at  the  bottoa  by  a  narrow  connecting  piece. 

In  one  leg  (A)  was  olaced  a  layer  of  sterile  sand  to  a  depth  of 
2  1/2  co. 

In  the  other  leg  (3)  three  drops  of  anthran-spore  suspen¬ 
sion  was  dropped,  This  thus  reached  the  tot tea  of  the  sand  via 
the  connecting  piece.  In  leg  3  such  an  aaount  of  water  wr&3  then 
dripped  in  that  the  water  rising  in  leg  A  co-old  just  moisten  the 
surfac of  the  3and  (principle  of  c  onmuni  cat  sag  vessels).  Inoc- 
ulat  were  then  done  fron  the  moist  surface  of  the  sand. 

The  a  „-ure  seeping  up  iron  below  appeared  to  be  very  rich  in 
anthrax  spores. 

This  experiment  wa3  repeated  with  somewhat  thicker  layers 
of  sand  and  garden  mold,  namely 

Sand  layers  of  4,  6,  and  8  cm  depth  and 
Layers  of  garden  mold  of  4,  5,  and  8  cm  depth. 

The  outcome  was  always  the  same,  namely  that  a  number  of 
anthrax  spores  could  always  be  found  in  the  moisture  that 
seeped  up. 

Because  of  my  departure  from  the  Netherlands  this  experi¬ 
ment  could  not  bo  continued,  so  that  it  did  not  become  known 
how  deep  the  layer  of  sand,  garden  mold,  or  infusorial  earth 
must  be  to  prevent  the  anthrax  spores  from  reaching  the  surface. 

From  the  seepage  tests  it  appeared  that  although  the  soil 
holds  a  certain  number  of  spores,  it  still  lets  a  number  through. 
The  smaller  the  number  of  spores  the  greater  the  chance  will  be 
that  they  will  get  caught  somewhere  and  not  be  carried  further 
by  the  rising  orv falling  water,  and  the  greater  the  number  of 
scores  present  tie  greater  the  chance  tnat  finally  some  will 
e* in  the  case  of  rising  water  reach  the  surface.  Among 
owner  things  it  appeared  from  the  experiments  of  the  Russian 
investigators  mentioned  earlier  that  under  favorable  circumstances 
as  to  temperature,  O2,  moisture  content,  and  the  presence  of 
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organic  matter  multiplication  ox  anthrax  germs  can  take  place 
in  tile  soil.  If  tnose  favorable  circumstances  prevail,  then 
because  of  the  multiplication  of  the  number  of  germs  the  chance 
is  greater  still  that  of  thas  larger  number  a  certain  part  \*ill 
reach  the  surface  with  rising  rater.  It  is  also  conceivable 
that  this  arrival  at  the  surface  of  the  ground  may  only  come  to 
pass  after  the  water  has  risen  several  times.  If  e.g.  anthrax 
spores  are  present  at  a  depth  of  25  cm,  then  it  is  possible 
that  with  rising  water  some  will  ccme  vp  10  cm  higher.  If  at 
that  level  ax'ter  the  ’.rater  gees  corn  the  circumstances  (tempera¬ 
ture*  O2,  and  humus)  are  favorable,  then  multiplication  will 
take  place,  and  when  the  rater  rises  again  a  part  of  the  germs 
will  come  loose  and  rise  a  bit  higher.  It  is  thus  conceivable 
that  several  periods  of  high  water  between  which  lie  periods 
of  favorable  weather  for  the  multiplication  of  anthrax  germs 
will  finally  cause  these  germs  to  be  _.resent  in  the  upperr"  :t 
layer  of  soil  and  on  the  surface,  ’..’here  they  can  be  picket  ^3 
by  cattle. 

The  possible  correctness  of  this  line  of  thought  should 
be  checked  in  the  laboratory  by  effecting  a  rise  of  water  in 
leg  A  of  the  tube  described  (which  in  this  case  must  be  long 
enough  to  contain  a  layer  of  earth  thick  enough  to  serve  as  an 
adequate  filter,  at  least  for  one  passage  of  water) ,  placing 
the  apparatus  in  a  nutrient  medium,  and  later  again  effecting 
the  rise  of  water,  and  testing  whether  or  not  after  repetition 
of  the  rising  of  the  water,  followed  by  placing  in  the  nutrient 
medium,  the  anthrax  germs  will  finally  show  up  in  the  uppermost 
layer  of  soil. 

Summary  [printed  in  Dutch  and  English] 

"  An  attempt  hae-  been  made  in  several  experiments  to  imi¬ 
tate  in  vitro  the  influence  of  descending  and  rising  water 
(rainfall)  on  anthrax  spores  in  the  soil.  The  result  is  that 
although  a  part  of  the  total  quantity  of  spores  was  washed  out, 
still  a  considerable  number,  even  after  an  artificial  rain  cor¬ 
responding  to  the  natural  rainfall  of  several  years  in  the 
Netherlands,  could  be  detected  in  the  surface  layers.  These 
spores  seemed  fairly  strongly  attached  to  the  soil  particles. 

The  conjecture  is  expressed  that  when  the  circumstances 
are  favorable  for  multiplication  of  anthrax  germs  in  the  soil, 
a  repeated  rising  of  water  will  bring  the  germs  to  the  surface 
even  when  a  single  rising  is  not  sufficient  to  do  so. 
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